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Technical field 

The present invention relates to an immun metric assay using monocl nal antibodies for the detection 
and/ r determination of th levels of multiepitopic antigens, such as, for xample, alpha-fet protein r 
human chorionic g ndadotr pin. 

Background art 

Immunometric assays (also called "sandwich" assays) using monoclonal antibodies for the 
determination of the presence and/or concentration of antigenic substances in fluids are well known For 
example, David ef al. United States Patent 4,376,110 suggests that this type of assay is useful for the 
determination of a variety of polyvalent antigenic substances against which antibodies can be produced. 
David et al mention, among others, hepatitis A and B, IgE and alpha-fetoprotein. The assays are described 
in the simultaneous, reverse and forward modes, and specifically exemplified for the determination of IgE. 

WO 85/02258 discloses an immunoassay for assaying an antigenic substance in a a fluid whereby the 
fluid is contacted with at least one antibody to the antigen and at least one additional antibody of a different 
type to the antigen. 

• ?^ An ~ 2 095 831 discloses a ^gent for the immunological assay of an antigen which comprises an 
insolubilized monoclonal antibody and a labelled monoclonal antibody, the antibodies being able to bind 
to different antigen determinants. 

WO 83/04312 describes a mixture of monoclonal antibodies comprising at least two monoclonal 
antibodies which bind to different antigenic sites. 

Alpha-fetoprotein (AFP) is a major serum protein synthesized by fetal liver cells, yolk sac cells, and in 
trace amounts by the fetal gastrointestinal tract. Reappearance of AFP in adult serum often signals 
pathologic conditions, particularly the presence of hepatocellular carcinomas (HCC) and germ cell tumors 
containing yolk sac cell elements. Although existing assays may be successfully used for monitoring 
treatment of AFP-producing tumors and as an independent prognostic tool, the finding of elevated serum 
AFP levels in some patients with nonmalignant liver diseases, particularly in acute and chronic viral 
hepatitis and cirrhosis, has limited the value of such assays as an independent specific test to establish the 
diagnosis of cancer. An important goal in current AFP research is to improve the cancer specificity of the 
test, particularly given the need for early detection of HCC in high risk populations. 

Commercial assays for alpha-feto protein have involved the use of polyvalent sera with all of the 
attendant limitations and problems. Published immunoassay using monoclonal antibodies against AFP 
include those of Portsman, T. ef al, Clin. Chim. Acta., 735:13—22(1983); Brock,D. Xetal.Jbid, 722:353-8 
(1982); Uotila, M., et ah, J. Imm. Methods, 42:11—15 (1981); Hunter, W. M. ef a/., ibid, 50:133—144 (1982)- 
Van Heyningen. v., eta/, ibid, 50:123—131 (1982); Nomura, M. ef al, ibid, 55:13—17 (1983); Nomura, M ef 
al., ibid, 55:293-300 (1983); Portsmann, B. ef al. ibid, 55;173-185 (1984). Engvall et al. in European Patent 
Application 0048357, published 31 March 1982, also describe a sandwich assay for AFP which may utilize 
two different monoclonal antibodies, one on a solid phase and the other in soluble labelled form. 

These previously described immunoassays for AFP are of two types. First, a two site immunoassay 
based on two monoclonal antibodies directed against two separate and distinct epitopes, one of these anti- 
bodies on a solid phase and the other in soluble labelled form. Second, a three site immunoassay based on 
three monoclonal antibodies directed against three separate and distinct epitopes, one of these antibodies 
on a solid phase and both others in soluble labelled form. None of the data has reported a three site 
immunoassay based on two different monoclonal antibodies directed against two distinct and separate 
epitopes on said antigen, the first of these antibodies on a solid phase, and the second on the solid phase 
and in soluble labelled form. 

One of the problems with many prior art assays is that heretofore it has not been possible to use serum 
AFP levels as a screening assay for HCC, since most patients with acute and chronic active heptatitis (with 
and without cirrhosis) often show AFP elevations up to 1,000 ng/ml, and sometimes greater than 5,000 ng/ 
ml. Thus, the diagnosis of HCC can only be suspected in patients with AFP levels above 400—1,000 ng/ml, 
and other methods are required to confirm the diagnosis. In addition, often at the time of diagnosis, the size 
of the tumor is already too targe and/or the cirrhosis too far advanced to warrant consideration of surgical 
resection, in a few patients, the discovery of an elevated AFP has led to curative resections of small tumors. 

An acute need therefore still exists in the art for an assay for AFP levels which is selective for patients 
with HCC and can distinguish over those where the levels of AFP are higher than those related to non-HCC 
causes, such as cirrhosis or hepatitis. 

Human chorionic gonadotropin (HCG) is a hormone secreted by the placenta shortly after the start of 
pregnancy. It can be measured by radioimmunoassay, and detected in the blood as early as 6 days after 
conception. Its presence in the urine in early pregnancy is the basis for various laboratory tests for 
pregnancy, and it can sometimes .be detected in the urine as early as 14 days after conception. 

Assays for such imp rtantantig ns as AFP, HCG and there are in constant n *d of improvement, both 
in sensitivity and selectivity. 
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Disci sure of the inv ntion 

The present inventi n arose out of the discov ry that the sensitivity of total mon clonal sandwich 

assays for multival nt antigens can be greatly increased if multiple (e.g., at least two) antibodi s, each 

against a different epitope on said antigen, are immobilized on the solid phase, and at least one solution 
5 labelled monoclonal antibody is identical with one of the immobilized antibodies, and wherein only such 

combination shows high binding characteristics. 

In the invention, any one of the immobilized antibodies alone shows good to average or even perhaps 

poor binding to the antigen when tested in a sandwich assay by itself, using the same or different antibody 

in labelled soluble form. Greatly increased sensitivity, however, is brought about by the relationship 
10 between the binding of the combination of multiple different antibodies on the solid phase (high), and that 

of any single one (substantially none). This is brought about by the "appearance" or "presentation", upon 

immobilization of the antigen on the solid phase via the antibodies, of an additional epitope or epitopes. 

This new epitope or epitopes allows substantial binding of the soluble, detectably labelled antibody to the 

immobilized antigen. 

'5 This phenomenon dramatically increases the selectivity and sensitivity of the assay, since it 
distinguishes over similar polyvalent antigens which already carry in their soluble state (i.e., while not 
bound to the solid phase via the antibodies) the additional epitopes needed to provide high binding to the 
soluble antibody. Very fine epitopic differences can be obtained with the present assay. 

Thus the present invention provides an immunometric assay for a multivalent antigen in a sample 
20 which comprises: 

forming a complex of said antigen together with 

(A) multiple immobilized monoclonal antibodies, against different epitopes on said antigen; and with 

(B) a detectably labelled monoclonal soluble antibody which is one of said multiple immobilized 
antibodies; 

25 separating labelled antibody associated with said complex from soluble labelled antibody; and 

detecting either said labelled antibody associated with said complex, or said unassociated labelled 
antibody; 

wherein any one of said multiple immobilized monoclonal antibodies shows, by itself, substantially 
less binding towards said antigen in said immunometric assay when used with itself or another 

30 monoclonal antibody in soluble labelled form, than said multiple immobilized antibodies in combination. 
As an example, after screening various different anti-AFP monoclonal antibodies and various 
combinations and permutations thereof, it was discovered that one specific combination of two antibodies 
in a total monoclonal immunometric assay for AFP yields sensitivities heretofore unobtainable with prior 
art assays for AFP. This is obtained only upon using at least two different monoclonal antibodies against 

35 AFP on an insoluble solid phase, and using one of said two antibodies in a soluble, detectably labelled 
form. A sandwich assay is then carried out with this configuration. 

If the AFP assay uses only one immobilized monoclonal antibody together with the same or different 
antibody in soluble labelled form, the binding for AFP in the assay is substantially less. It is the synergistic 
combination of multiple different antibodies on the solid phase showing substantial binding, whereas any 

40- one of them does not, that lies at the heart of the invention. 

Quite surprisingly and unexpectedly, the AFP assay shows four to ten times more sensitivity than 
commercially available conventional polyvalent immunoassays, and it has a lower level of sensitivity of 
approximately 0.5 ng/ml. Most Importantly, however, the AFP assay is capable of discriminating between 
AFP-producing carcinomas (especially HCC) and various benign liver diseases. In the AFP assay of the 

45 invention, the incidence of AFP elevation was extremely low in normal individuals in a number of different 
disease categories. Thus, no healthy subject had a level above 5 ng/ml, whereas other reports have shown 
75% of normal human sera to have AFP levels greater than 5 ng/ml (see, for example, Ruohslati, E., et aL, 
Nature 235:161— 162 (1972) and Ruohslati, E., et at., international Journal of Cancer 5:374—383 (1971). It is 
also noteworthy that 98% of so of HBsAg chronic carriers had a serum AFP level below 5 ng/ml and 100% 

so had levels below 100 ng/ml. It is also striking with th AFP assay that about 95% of patients with 
miscellaneous liver disorders and other disease controls had AFP levels below 5 ng/ml with greater than 
99% below 20 ng/ml. Most surprising was the finding that in cirrhotic patients (regardless of the etiology of 
the cirrhosis or their geographical origin), only about 3% had an AFP level above 20 ng/ml, and none had 
levels above 100 ng/ml. Thus, the AFP assay of the present invention demonstrates remarkable specificity 

55 for AFP-producing tumors and, depending on the cutoff value for AFP-positive results, these patients show 
little overlap with non-malignant liver disorders and other disease controls. 

Thus, in a specific embodiment of the invention, there is provided an immunometric assay for alpha- 
feto protein in a sample which is performed as described above (pages 5 and 6) whereby the complex is 
formed between the alpha-feto protein and 

60 (a) at least two immobilized monoclonal antibodies the first of said antibodies, having the identifying 
characteristics of an antibody obtained from ATCC No. HB 8717 and the second of said antibodies having 
the identifying characteristics of an antibody obtained from ATCC No. HB 8718 and with 
(b) at least one detectably labelled soluble antibody which is said first antibody. 
The invention also provides an immunometric assay for HCG utilizing the principles nunciated above, 

55 i.e., with multiple imm bilizedmon clonal antibodies, and a solubl labelled antibody which is one of said 



3 



EP 0158 973 B1 



immobilized antib dies, and wherein any one of th immobilized antibodies alon shows substantially n 
binding in the assay* 

Brief description of the drawings 

Figure 1 shows one of several hypothetical models which may explain the results observed in the 
pres nt inventi n, wh rein hAFP stands f r human alpha-fet protein, and the detectably labelled soluble 
antibody is labelled with ,25 l. Upon bonding of hAFP to the insoluble phase via the first antibody, no 
epitopes bonding with antibody I become available (Figure 1AJ. However, upon bonding of hAFP to the 
soluble phase by both antibody I and antibody II (Figure 1B and 1C>, a pair of epitopes recognizable by 
antibody I appear due to a conformational change (Figure 1D). Thereafter, detectably labelled antibody I 
can bind to the hAFP. (Figure ID). 

Figure 2 shows an alternative hypothetical model which may also explain the results. In this model the 
antibody immobilized on the solid phase support is incapable of detecting the antigen due to limitation of 
available specific binding sites (epitopes). However, a second soluble radio-labelled antibody which 
recognizes a different epitope may identify the antigen (Figure 2A and 2B), If, for example, two monoclonal 
antibodies, each of which recognizes a different epitope are immobilized on the solid phase support, the 
one monoclonal antibody shown immobilized in Figure 2A, heretofore not capable of recognizing said 
antigen is now able to bind to the antigen in the soluble radiolabeled form, due to the unique presentation 
of an epitope by the combination of antibodies in the solid phase support (Figure 2C). 

Note: The representations of Figures 1 and 2 are, as indicated, hypothetical. They may prove to be 
incomplete or subject to future refinement Applicants do not wish to be bound by these depictions, and 
present them only since they may aid in the understanding of the invention. 

Figure 3 represents a monoclonal immunometric assay for alpha-feto protein with two standard 
curves. The insert emphasizes the linear portion of the curve between 1.5 and 20 ng/ml. The assay is a 
"simultaneous sandwich" immunoassay and is performed at 45°C for one hour. S/N represents the signal- 
to-noise ratio defined as cpm bound in experimental samples divided by the mean of the negative controls. 

Figure 4 represents the absolute AFP values in patients with HCC(o) or hepatoblasoma (_) from Africa, 
the Far East and France. The numbers in parentheses represent the percent of individuals with AFP levels 
greater than 100 ng/ml. 

Figure 5 represents a typical result of serial dilution of serum from a strongly AFP positive patient with 
HCC. This shows the "hook effect', using the simultaneous sandwich monoclonal immunoassay. 

Brief mode for carrying out the Invention 

By the term "immunometric assay" or "sandwich immunoassay", it is meant to include simultaneous 
sandwich, forward sandwich and reverse sandwich immunoassays. These terms are well understood to 
those skilled in the art 

In a forward sandwich immunoassay, a sample is first incubated with a solid phase immunoabsorbent 
containing multiple different monoclonal antibodies against the antigen. Incubation is continued for a 
period of time sufficient to allow the antigen in the sample to bind to the immobilized antibodies in the solid 
phase. After the first incubation, the solid phase immunoabsorbent is separated from the incubation 
mixture and washed to remove excess antigen and other interfering substances, such as non-specific 
binding proteins, which also may be present in the sample. Solid phase immunoabsorbent containing 
antigen bound to the immobilized antibodies is subsequently incubated for a second time with soluble 
labelled antibody or antibodies. After the second incubation, another wash is performed to remove 
unbound labelled antibody(ies) from the solid phase immunoabsorbent and removing non-specifically 
bound labelled antibody(ies). Labelled antibody(ies) bound to the solid phase immumoabsorbent is then 
detected an the amount of labelled antibody detected serves as a direct measure of the amount of antigen 
present in the original sample. Alternatively, labelled antibody which is not associated with the 
immunoabsorbent complex can also be detected, in which case the measure is in inverse proportion to the 
amount of antigen present in the sample- Forward sandwich assays are described, for example, in United 
States Patents 3,867,51.7; 4,012,294 and 4,376,110. 

In carrying out forward immunometric assays, the process comprises, in more detail: 

(a) first forming a mixture of the sample with the solid phase bound antibodies and incubating the 
mixture for a time and under conditions sufficient to allow antigen in the sample to bind to the solid phase 
bound antibodies; 

(b) adding to the mixture after said incubation of step (a) the detectably labelled antibody or antibodies 
and incubating the new resulting mixture for a time and under conditions sufficient to allow the labelled 
antibody to bind to the solid phase immunoabsorbent; 

(c) separating the solid phase immunoabsorbent from the mixture after the incubation in step (b); and 

(d) detecting either the labelled antibody or antibodies bound to the solid phase immuno-absorbent or 
detecting the antibody not associated therewith. 

In a r verse sandwich assay, the sample is initially incubated qith labelled antibody(ies), after which' 
the solid phase immunoabsorbent containing multiple Immobilized antibodies is added thereto, and a 
second incubation is carried out. The initial washing step of a f rward sandwich assay is not required, 
although a wash is performed after the second incubation. Reverse sandwich assays have be n described. 
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for example, in United States Patents 4,098,876 and 4,376,110. 

In carrying out reverse immunometric assays, the process compris s, in mor detail: 

(a) first forming a mixtur f the sample with the soluble detectably labelled antibody for a time and 

under conditions sufficient to allow antigen in the sample to bind to the labelled antibody; 
5 <b) adding to the mixture after the incubation of step (a) the solid phase bound antibodies and 

incubating the new resulting mixture for a time and under conditions sufficient to allow antigen bound to 

the labelled antibody to bind to the solid phase antibodies; 

(c) separating the solid phase immunoabsorbent from the incubation mixture after the incubation in 

step (b); and 

to Id) detecting either the labelled antibody bound to the solid phase immunoabsorbent or detecting the 
labelled antibody not associated therewith. 

In a simultaneous sandwich assay, the sample, the immunoabsorbent having multiple immobilized 
antibodies thereon and labelled soluble antibody or antibodies are incubated simultaneously in one 
incubation step* The simultaneous assay requires only a single incubation and has a lack of washing steps. 

75 The use of a simultaneous assay is by far the preferred one. This type of assay brings about ease of 
handling, homogeneity, reproducibility, linearity of the assays and high precision. The sample containing 
antigen, solid phase immunoabsorbent with immobilized antibodies and labelled soluble antibody or 
antibodies are incubated under conditions and for a perid of time sufficient to allow antigen to bind to the 
immobilized antibodies and to the soluble antibody(ies). In general, it is desirable to provide incubation 

20 conditions sufficient to bind as much antigen as possible, since this maximizes the binding of labelled 
antibody to the solid phase, thereby increasing the signal. Typical conditions of time and temperature are 
two hours at 45°C, or twelve hours at 37°C. 

Labelled antibody typically binds to antigen more rapidly than immobilized antibodies, since the 
former is in solution whereas the latter are bound to the solid phase support. Because of this, labelled 

25 antibody may be employed in a lower concentration than immobilized antibodies, and it is also preferable 
to employ a high specific activity for labelled antibody. For example, labelled antibody might be employed 
at a concentration of about 1 — 50 ng/per assay, whereas immobilized antibodies might have a 
concentration of 10—500 ng/per assay per antibody, The labelled antibody might have a specific activity 
with, for instance, one radioiodine per molecule, or as high as two or more radioiodines per molecule of 

30 antibody. 

Of course, the specific concentrations of labelled and immobilized antibodies, the temperature and 
time of incubation as well as other such assay conditions can be varied, depending on various factors 
including the concentration of antigen in the sample, the nature of the sample, and the like. Those skilled in 
the art will be able to determine operative and optimal assay conditions for each determination by 
35 employing routine experimentation. 

After the single incubation period, the solid phase immunoabsorbent is removed from the incubation 
mixture. This can be accomplished by any of the known separation techniques, such as sedimentation and 
centrifugation. A washing step is not required prior to detection of bound labelled antibody. Detection can 
be performed by a scintillation counter, for example, if the label is a radioactive gamm-emitter, or by a 
to fluorometer, for example, if the label is a flourescent material. In the case of an enzyme label, the detection 
can be done by colorimetric methods employing a substrate for the enzyme. 

In carrying out the simultaneous immunometric assay on a sample containing a multivalent antigen, 
the process comprises, in more detail: 

(a) simultaneously forming a mixture comprising the sample, together with the solid phase bound 
45 antibodies and the soluble labelled antibody or antibodies; 

(b) incubating the mixture formed in step (a) for a time and under conditions sufficient to allow antigen 
in the sample to bind to both immobilized and labelled antibodies; 

(c) separating the solid phase immunoabsorbent from the incubation mixture after the incubation; and 

(d) detecting either labelled antibody bound to the solid phase immunoabsorbent or detecting labelled 
so antibody not associated therewith. 

Other such steps as washing, stirring, shaking, filtering and the like may of course be added to the 
assays, as is the custom or necessity for any particular situation. 

In the preferred mode for performing the assays it is important that certain "blockers" be present in the 
incubation medium (usually added with the labelled soluble antibody). The "blockers" are added to assure 

55 that non-specific proteins, proteases, or human antibodies to mouse immunoglobulins present in the 
experimental sample do not cross-link or destroy the monoclonal antibodies on the solid phase support, or 
the radiolabelled indicator antibody, to yield false positive or false negative results. The selection of 
"blockers" therefore adds substantially to the specificity of the assays described in the present invention. It 
has been found that a number of non-relevant (i.e. non specific) monoclonal antibodies of the same class or 

60 subclass (isotype) as those used in the assays (e.g. IgG,, lgG ? „ IgM, etc.) can be used as "blockers". The 
concentration of the "blockers" (normally 1 — 100 pg/ul) is important, in order to maintain the pr per 
sensitivity yet inhibit any unwanted interference by mutually occurring cross reactiv pr teins in human 
serum. In addition, the buffer syst m containing the "blockers" needs to be optimized. Pr ferr d buffers 
are th se based n weak organic acids, such as imidazole, HEPPS, MOPS, TES, ADA, ACES, HEPES, PIPES, 

55 TRIS, and th like, at physiological pH ranges. S mewhat less preferred buffers are inorganic buffers such 
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as phosphate, borate or carbonate. Finally, known protease inhibitors should be added (normally at 
0.01—10 ng/ml) t the buffer which contains the "blockers". 

There are many s lid phase immunoabsorbents which have been empl yed and which can be used in 
th pr sent inv nti n. Well kn wn immun absorbents include b ads f rm d fr m glass, polystyrene, 
polypropylene, dextran, nyl n and other materials; tubes formed fr m or coat d with such materials, and 
the like. The immobilized antibodies can be eith r c valently or physically bound t the s lid phase 
immunoabsorbent, by techniques such as covalent bonding via an amide or ester linkage, or by absorption. 
It is important that the multiple immobilized antibodies be bound to the same solid phase since close 
proximity is important. This can be readily achieved by either simultaneous or sequential binding of each 
antibody on the same solid phase. Those skilled in the art will know many other suitable solid phase 
immunoabsorbents and methods for immobilizing antibodies thereon, or will be able to ascertain such, 
using no more than routine experimentation. 

The monoclonal antibody which remains in the soluble state, and is used as the detectably labelled 
antibody can be a single antibody or a mixture thereof. At least one soluble antibody must be identical to 
one of the immobilized ones. The soluble antibody can be labelled with any detectable label, such as a 
radiolabel, a flkorescent label, an enzyme label, a free radical label or a bacteriophage label. Most 
commonly, the label is a radiolabel (radioimmunoassay) or an enzyme label (enzyme immunoassay). The 
more common radiolabels are 125 l, 131 l, 3 H and 14 C. Among the common enzyme labels are horseradish 
peroxidase, alkaline phosphatase, beta-D-galactosidase, glucose oxidase and gfucoamylase. Among the 
fluorescent materials are, for example, fluorescein isothiocyanate, and rhodamine. 

Any animal sample containing a detectable yet unknown amount of antigen can be used. Such sample 
Is normally from a human and may be liquid (such as, for example, urine, saliva, blood, serum and the like), 
or solid or semi-solid (tissues, feces and the like). 

The term "epitope" as used in this invention is meant to include any antigenic determinant of an 
antigen responsible for specific interaction with antibody molecules elicited by the same or related antigen. 
Antigenic determinants usually consist of chemically active surface groupings of molecules such as amino 
acids or sugar side chains. The epitopes have specific three dimensional structural characteristics as well as 
specific electronic characteristics. 

The antigens capable of determination using the process of the present invention are so-called 
"multivalent antigens". A multivalent antigen is meant to include an antigen having at least two different 
epitopes capable of specific interaction with antibody binding sites, (the antibody binding sites are also 
called paratopes). Normally, the antigen determinable by this invention carries a multiplicity of epitopes, 
with the proviso that at least two of them have different immunodominant points. Furthermore, it is 
necessary that at least the two different epitopes be sufficiently separated from one another so as to allow 
simultaneous binding of a different immobilized antibody to each of said epitopes. If the epitopes are too 
close, steric interference may arise, and the immunoassay is complicated. Normally, it is required that the 
minimum distance between two epitopes on the multivalent antigen be about 15— 20A. 

Any multivalent antigen as defined above can be detected by the method of the present invention. This 
includes viral antigens such as heptatitis B surface antigen (HBsAg), Herpes Simplex viruses I and II, Herpes 
Virus Zoster, zytomegalovirus, Epstein-Barr virus, Papova viruses such as BK or JC virus, measles virus, 
rubella, influenza or parainfluenza viruses, etc. Viral subunits, such as a virus capsids, can also be 
determined, as long as such subunits are multivalent. Additionally, antigens need not be viral in nature to 
be multivalent, and among these may, for example, be included cells, immune complexes, membrane 
preparations, bacteria, proteins such as AFP or HCG, and the like. 

Any monoclonal antibodies with medium to high affinity can be used (e.g., >10 7 M" 1 ), such as IgG, IgE, 
IgM, and the like. Preferred among these are IgM and IgG, especially those of high affinity (e.g„ >10 8 M" 1 ). 

The method of the present Invention requires selection of at least two different antibodies with affinity 
towards two different epitopes on the same multivalent antigen, which are then immobilized. Selection of 
an antibody combination can normally be carried out by choosing each antibody from a different cell line. 

There is no a priori method to assure that the two selected antibodies will not interfere with each other, 
either partially or completely. However, the invention is based on the discovery that enhanced resolution 
and decreased cross-reactivity can be obtained when using at least two different immobilized monoclonal 
antibodies; the method of how to choose them is a relatively straight-forward trial and error one, and can 
be accomplished by one skilled in the art without under experimentation, once he/she knows the present 
discovery. 

Nevertheless, some guidelines can be given: each antibody in the immobilized combination should 
exhibit as high a specificity for the multivalent antigen as possible. In other words, each antibody should be 
highly selective towards the antigen, and bind to it selectively in the presence of other, structurally similar 
antigens. In addition, each antibody should have as high an affinity towards the antigen as possible. When 
these two general guides are followed a useful antibody combination can readily be found. Both of the 
guides or factors (specificity and affinity) can be optimized by carrying out binding experiments of soluble 
antibody supernatant with labelled (preferably radiolabeled) muptival nt antigen. Two different antibodies 
sh wing high binding affinity are select d in a first step, and immobilized. 

There is no a priori method to find which of the immobiliz d antibodies to use as the d tectably 
lab lied soluble antibody. The inv ntion is based on the discovery that, once the correct one is determined. 
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enhanced sensitivity is obs rved. The ch ice is carried out by trial and error, without undue 
experimentation. 

As a guide, the ratio of binding observed in the immunometric assay when using multiple different 
immobiliz d antib dies with n of these as the soluble ne, to using any one of them singly in the same 
5 assay, should normally be greater than 2, preferably greater than 5, and most preferably greater than 10. 
Any variations of the sandwich assays, as long as it utilizes the combination of antibodies described, 
can be used in the present invention. Any automated technique which utilizes a sandwich immunoassay or 
variations thereof can of course be applied to the basic technique of the present invention. For example, 
such a technique is described in Goldie et at. United States Patent 4,251,360. 
io In addition, the materials for use in the assay of the invention are ideally suited for the preparation of a 
kit. Such a kit may comprise a carrier means being compartmentalized to receive in close confinement one 
or more container means such as vials, test tubes and the like, each of said container means comprising 
one of the separate elements to be used in the method. 

For example, one of said container means may comprise immunoabsorbent-bound different 
is monoclonal antibodies. These antibodies may be bound to a separate solid phase immunoabsorbent or 
directly to the inner walls of a container. A second container may comprise soluble detectably labelled 
antibody in lyophilized form or in solution. 

The carrier may also contain, in addition, a plurality of containers each of which comprises different, 
predetermined known amounts of antigen. These latter containers can then be used to prepare a standard 
20 curve into which can be interpolated the results obtained from the sample containing the unknown amount 
of antigen. 

In using a simultaneous assay, all a user has to do is add, to the first container, a premeasured amount 
of en animal sample containing the measurable, yet unknown amount of antigen in a buffer and 
simultaneously add the contents of the labelled antibody present in the second container into the first 
25 container. Alternatively, all components are added to a separate container. After an appropriate time for 
incubation, solid phase is separated from the supernatant fluid, and the solid phase or the supernatant fluid 
are detected, as by radioactive counting or addition of an enzyme substrate, and color development. 

Two monoclonal antibodies or substantial immunological equivalents thereof are utilized in applying 
the present assay to AFP. The first one, hereinafter AF01, is an antibody obtained from or having the 
30 identifying characteristics of an antibody obtained from cell line ATCC No HB 8717. The second antibody, 
hereinafter referred to as AF03, is obtained from or has the identifying characteristics of an antibody 
obtained from cell line ATCC No HB 8718. Moreover, two monoclonal antibodies or substantial 
immunological equivalents thereof are utilized In applying the present assay to HCG. The first one, 
hereinafter D1E8, is an antibody obtained from or having the identifying characteristics of an antibody 
35 obtained from cell line Pasteur Inst. 1-298. The second antibody, hereinafter referred to as FB03, is obtained 
from or has the identifying characteristics of an antibody obtained from cell line Pasteur Inst. 1-297. All 
noted cell lines were deposited, on 29 March 1984 at the Collection Nationale de Cultures de Micro- 
organisms (CNCM), Institut Pasteur, 25 Rue du Docteur Roux, 75724 Paris, France. 

In addition, cell lines AF01 and AF03 were also deposited, on February 13, 1985, at the American Type 
40 Culture Collection, Rockville, Md 20852, USA under the Budapest Treaty on the International Recognition of 
the Deposit of Microorganisms for the Purposes of Patent Procedure. The ATCC accession numbers are as 
follows: 

AF01=ATCC NO HB 8717 
AF03=ATCC NO HB 8718 

45 The identifying numbers of each of the cell lines are either the accesion numbers of the CNCM depository 

or of the ATCC depository. 

The AFP assay uses at least AT01 and AF03 on the solid phase and AF01 (or mixtures of AF01 and AF03) 

as the soluble labelled antibody. The HCG assay uses at least D1E8 and FB03 on the solid phase and FB03 

(or mixtures of D1E8 and FB03) as the soluble labeled antibody. 
so Preparation and isolation of other appropriate antibodies and cells can be obtained by, for example, 

the methods described in Kennet, R. H. et a/. Monoclonal Antibodies. Hybridomas: A New Dimension in 

Biological Analyses, Plenum Press, New York and London, 1982, especially pages 363—418. 

Having now generally described this invention, the same will be better understood by reference to 

certain specific examples which are incorporated herein for purposes of illustration only and are not 
55 intended to be limiting of the invention unless specified. 

Eample 1 
Assay for AFP 

Production and characterization of monoclonal antibodies 

60 Six-week old BALB/c mice were injected with highly purified human AFP (Institut Behring, Marburg, 
West G rmany) according to several immunization procedures which varied the route and concentration of 
antigen and the interval between primary and secondary immunizations. M n clonal antibodies AF01 and 
AF03 were produced by two protocols. The first g nerated antibody AF01 , and involved subcutaneous (s.c.) 
injecti n of 15 ug AFP in Freund's complete adjuvant (FCA) as the initial dose, followed by 15 ug 

65 intraperiton al (i*p.) injection in Freund's complete adjuvant (FIA) two months later, f 1 1 owed one month 
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later by 100 |ig Lp. and 100 pg intravenously (i.v.) six, five and three days before cell fusion. Monocl nal 
antibody AF03 was produced from a second immunization where 50 microg was giv n one year (s.c., FCA) 
and three days (i.v.) prior to cell fusion. 

Cell fusions wer performed by incubating S-10x10 6 SP2/0-Ag 14 mous myel ma cells with 
*77 fc X i£ i?n USe Sp,een 061,5 in 40% Po'ye^y 160 © glyc I (m I wt, 1,000) (Bell t et al. t J. Ctin. Endocr. 
Metab. 50:530—533 (1983)). Hybridoma sup rnatants wer test d for anti-AFP activity in a screening t st 
using a polyethyi ne glycol {PEG) precipitation test with 125 I-AFP. Positive hybrids were cloned twice by 
limiting dilution and ascites fluids produced by i.p. inoculation of nude mice with 5x1 0 s hybridoma cells. 
Monoclonal anti-AFP antibody class and subclass were determined either by double antibody RIA with 125 l- 
' t fu a ] d ?,°f an * iserum s P ecif fc *>' "louse immunoglobulin M (IgM), IgA, IgG, IgG^ (Nordic, Tilburg, 
Netherlands), or by eluting the IgG bounds to a protein A-Sepharose column (Pharmacia Rne Chemicals 
;,S W rf \ New Jersey) at differcnt P H va,ue < as described by Ey et aL, Immunochemistry 15:429-436 
(1978)). Both were found to be of the IgG^ isotype. IgGa, was purified (2-4 mg/ml) from mouse ascites 
tiuids by 50 ^ ammonium sulfate precipitation followed by dialysis against 0.2M phosphate buffer pH 8 for 
18 hours at 4°C prior to Staph protein A affinity chromatography. The affinities of the anti-AFP monoclonal 
antibodies were determined with a double antibody RIA technique by measuring the binding of 125 I-AFP in 
the presence of increasing amounts of AFP by Scatchard plot analysis. Monoclonal anti-AFP AF01 and AF03 
had measured affinity constants of 1.6x10 10 and 5.0x10* liters/mole, respectively. Competitive inhibition 
studies established that each monoclonal antibody recognized a distinct and separate AFP determinant 

Development of multisite monoclonal radioimmunoassay 

Systematic testing of different combinations of monoclonal anti-AFP demonstrated that the most 
sensitive assay for serum AFP determination was a simultaneous sandwich monoclonal RIA (M-RIA) based 
°ViT2 ure of AF01 and AF03 as bound antib <> d tes on the solid phase support and AF01 as the 
radiolabe led indicator antibody. This assay used polystyrene beads (outer diameter, 0.64 cm. Precision 
Plastic Ball, Chicago, Illinois) coated with AF01 and AF03 antibodies. In the assay developed for AFP, it has 
been found that 20 pg 100 pi of an IgG,, and 20 pg/100 pi of an lgG 2 . non-relevant monoclonal antibody (i.e. 
directed against another human protein) are needed for best performance. In addition, the "blockers" are 
placed in a trfs-HCI buffer system, pH 7.2, with two different protease inhibitors, trysolol |0.1 pm/ml) and 
OTybean trypsin inhibitor {0.2 pg/ml). Serum samples or AFP-positive standards (200 pi) and 130,000 cpm 
Mabelled AF01 (specific activity 10—16 pCi/g; 1 Ci=3.7x10 10 becquerels) in 100 pi of buffer (50% fetal 
A&n? m PBS pH 7 2) Were added simu,tan eously with the anti-AFP-coated beads. After an incubation 
at 45°C for 1 hour, the solid phase support was then washed three times with distilled water, and 
radioactivity bound (cpm) was measured in a Beckman gamma well counter. Assay standards consisted of 
either purified AFP diluted In pooled normal humun serum or commercial AFP standard (Abbot 
Laboratories, North Chicago, Illinois). 

Conventional radioimmunoassay for alpha-feto protein 

The results of a conventional polyvalent RIA were compared in selected samples with the M-RIA of the 
invention for AFP. The RIA-GNOST, AFP-TACHISORB (Behring, Marburg) commercial system was used 
This assay has a lower limit of sensitivity of 1.5 ng/ml and was performed according to the manufacturer's 
instructions. 



Subjects 

From the serum bank in the Gastrointestinal Unit at the Massachusetts General Hospital, sera from 250 
normal subjects was chosen; 536 with miscellaneous liver and other disease controls consisting of 27 with 
various tumors (colon (13), pancreas (7), breast (2), and lung (5)), 13 with BHsAg positive biopsy proven 
cirrhosis, 10 with biopsy proven HBsAg negative chronic active hepatitis and 17 with non-B acute viral 
heptatitis were also chosen. The remaining 469 included other disease controls such as pneumonia, 
ulcerative colitis, coronary artery disease, hemodialysis patients, inflammatory bowel disease, etc. 477 
chronic HBsAg carriers of adw, ayw, adr and ayr subtypes identified through routine screening of blood 
donors were also chosen. Sera from patients with HBsAg positive and negative hepatocellular carcinoma 
(HCC) from the Far East and Africa, including chronic HBsAg carriers with and without liver disease from 
the same region of the world were also studied. 

irr addition, serum samples from 60 patients were obtained from Institut Gustave Roussy (France). The 
diagnosis, confirmed by review of operative notes and pathology reports were as follows: hepatocellular 
carcinoma, HBsAg status unknown (8); chlidren with hepatoblastoma (3); placental tumors (18); testicular 
tumors (8); colorectal carcinoma (9); medullary thyroid carcinoma (2); lung metastases of unknown origin 
(2) and carcinomas of the esophagus (1), breast (6) and lung (1). 

Immunornetric monoclonal assay 

A sensitiv simultaneous sandwich assay was developed when a mixture of AF01 and AF03 wer used 
on the solid phase supp rt and 125 l-labelledAF01 was employ dasth indicator antibody. Th sensitivity f 
the assay (1 hour incubation at 45°C) was approximately 0.5 ng/ml, as determined by a signal-to-noise rati 
(S/N) of greater than 2.5 (defin d as cpm measured in th xperimental sample divided by th mean cpm of 
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10 negative controls). The standard curve from two diff rent assays are shown in Figure 3. The 
concentration range of AFP standard varied between 1.5 and 200 ng/ml. The AFP standard curve is linear in 
the 1.5 to 40 ng/ml range. Absolute serum AFP concentrations in experimental samples wer det rmrned 
from serial dilutions and by us of the AFP standard curve. 

Results of serum AFP values 

Sera from 1,747 individuals were studies. Each specimen was analyzed in duplicate on two separate 
occasions. The results are shown in Table 1. 
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Footnotes: 

♦See prior text, supra 
p<0.001 vs HOC HBsAg Positive 
5 **3 of 11 are children with hepatoblastoma 

•♦•Includes tumors of plancenta, colon, rectum, esophagus, breast, medullary thyroid, lung and of 
unknown origin (2). 

0 is the number of subjects 

io The results may be summarized as follows: (i) All healthy subjects (450) had AFP values below 5 ng/ml. 
(ii) Of 564 HBsAg chronic carriers from three different continents, 98.2% had AFP levels below 5 ng/ml and 
100% were below 20 ng/ml. (iii) In 536 patients from the United States with nonmalignant disorders of the 
liver and other diseases (including carcinomas of gastrointestinal tract, breast and lung), 96.4% had an AFP 
level below 5 ng/ml, 99.6% below 20 ng/ml and 100% below 100 ng/ml. (iv) AFP levels were found to be 

is below 5 ng/ml in 23 of 24 patients (95.8% ) from the Far East with acute or chronic hepatitis; only one had an 
AFP above 200 ng/ml (326 (ng/ml). (v) In 20 cirrhotic patients from the Far East, 95% had an AFP below 5 ng/ 
ml and only one had an AFP level greater than 40 ng/ml (57 ng/ml). 

In contrast, AFP leveis from 112 patients with HCC are depicted in Figure 4. The absolute values varied 
widely and ranged from 240 ng/ml to >200,000 ng/ml. It is noteworthy that 82% of HBsAg positive HCC 

20 from Africa and 79% from the Far East had AFP levels >200 ng/ml. In contrast, only 6/16 (38%) of HBsAg 
negative HCC from the Far East were reactive for AFP levels >200 ng/ml (p<0.001 ). Finally, a smaller group 
of 1 1 HCC from France, including three children with hepatoblastma, were reactive for AFP greater than 200 
ng/ml. 

Thus, the majority of HCC patients, particularly those who were HBsAg chronic carriers, had markedly 
25 high levels of AFP by the one hour simultaneous sandwich assay. These findings are in striking contrast to 
serum AFP levels in patients with other malignant diseases which excludes tumors of the testis, where only 
one of 68 with a value greater than 100 ng/ml were found (Table 1). That patient developed an esophageal 
carcinoma and, at the time of study, his serum AFP level was 280 ng/ml. Thus, the M-RIA of the invention 
has a remarkable specificity for AFP-producing tumors, namely HCC from various regions of the world. 
30 To determine if absolute serum AFP values measured by this M-RIA were comparable to those 
obtained by a conventional polyvalent antibody RIA, seventeen patients with various tumors were studied. 
As shown in Table 2, the polyvalent and M-RIAs were quite comparable with respect to the absolute serum 
AFP concentration and over a wide range of AFP levels. Patients with very high levels of AFP were also 
studies since this assay employs a simultaneous sandwich mode, and it was interesting to examine the 
35 magnitude of the "hook effect" as shown by the representative example in Figure 5. This patient has an 
AFP level of >1 mg/ml. Despite the exceedingly high level of AFP measured in some patients, no false 
negative value due to the "hook effect" has been observed to date. 

Discussion 

40 This example shows the development of a simultaneous sandwich IRA using a combination of two 
immobilized high affinity monoclonal antibodies directed against two separate epitopes of human AFP. 
This M-RIA is approximately four to ten times more sensitive than commercially available conventional 
polyvalent RIAs; it has a lower level of sensitivity of approximately 0.5 ng/ml. The assay is technically 
convenient and rapid, involving the simultaneous addition of ait reagents and a one-hour incubation at 

45 45°C. The so-called "hook effect" previously described for "one step" immunoassays (Nomura, ef aL, J. 
Immuno., 56:13—17 (1983)) was also observed for high AFP values (i.e., above 3,000 ng/ml). However, this 
phenomenon did not lead to false negative AFP results but only required additional dilutions to accurately 
measure the absolute AFP value from the standard curve. 

One of the major problems with current polyvalent AFP assay is their limitation in discriminating 

so between AFP-producing carcinomas (especiaily HCC) and various benign liver diseases. Serum AFP levels 
hae been reported to be above 20 ng/ml in 67% to 82% of HCC (Ruohslati et aL, Br. Med. J., 333:527—529 
(1974), Wepsic, H. T., et aL, Gastroenterology, 77:787 (1979)). However, given the limited specificity of the 
polyvalent assays, AFP elevations greater than 20 ng/ml have been observed in 31% to 40% of patients 
with acute and chronic hepatitis and 8% to 33% of patients with cirrhosis (Ruohslati etaL, op. cit, Wepsic, 

55 et aL, op. cit, Alpert et aL, Gastroenterology, 74:856 (1978)). In one study, serum AFP levels greater than 
100 ng/ml were reported in 19% of patients with acute hepatitis and 5% with cirrhosis (Alpert ef aL, op. cit). 

In this example, 86/116 (76.7%) of HCC patients had AFP serum levels above 20 ng/ml, with 85/112 
(75.8%) having leads above 100 ng/ml, a finding consistent with other reports (Wepsic etaL, supra). If those 
patients with HCC who were also HBsAg positive carriers are considered, 80% had AFP levels greater than 

60 200 ng/ml. In patients with various types of malignancy, the AFP levels by both M-RIA and C-RIA were quite 
comparable. H wever, most significant was the finding that, compar d to previ us studies with polyvalent 
antibodi s, the incidenc fAFPelevati n using the M-RIA fth inv nti n was extremely I winn rmal 
individuals and a number of different disease categories. Thus, no healthy subj ct had a level above 5 ng/ 
ml, whereas ther r p rts hav sh wn 75% of normal human sera to have AFP levels greater than 5 ng/ml 

65 (Ru shlati ef aL, Nature, 235:161—162 (1972) and Ruoshlati et aL, Int J. Can., 5:374—383 (1971)). 
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u !ff no,e _ w ° rtn V that 98 - 1 % » HBsAg chronic carriers had a serum AFP level bel w 5 ng/ml and 
lOO/o had levels bel w 20 ng/ml. It was striking that 96.4% of patients with miscellaneous liver disorders 
and ther disease c ntrols had AFP values bel w 5 ng/ml with 99.6% below 20 ng/ml. More surprising was 
the finding that mcirrhotrc patients (regardless ftheeti I gy fthecirrh sisorth ir geographical origin) 
s nly 3% (1/33) had an AFP level abov 20 ng/ml and non had levels above 100 ng/ml In the acu? or 
chr nic active hepatitis patients studied, only 1.9% (1/51) had an AFP level above 20 ng/ml. Thus, the M-RIA 
Inven ' ,0 " d ; ! m n ?? ates remarkable specificity for AFP-producing tumors and, depending on the 
cutoff value for AFP positive results, these patients show little overlap with non-malignant liver disorders 

» « fofoTS ^SSi"" 86160,8 ' CUt ° ff V8,Ue ° f 100 n9/m ' ° n 'y "» 0f 1 ' 185 *~ 

The inventors speculate that the high AFP serum levels previously observed with conventional RIAs in 
benign liver diseases were due to the real production and secretion of AFP, or "AFP-like" proteins 
Nevertheless, it is also possible that these high AFP values reflected artifacts due in part to the presence of 
cross-reartive molecules of "AFP-like" material. For example, previous studies by others have shown that 

75 specific antisera raised against purified human AFP were not cross-reactive with native albumin, even 
though this protein shares a large sequence homology with human AFP; however, such anti-AFP antisera 
reacted strongly with derivatives of human albumin. Thus, conventional polyvalent RIAs may yield false 
positive AFP values because of cross-reactions of polyvalent antisera with "AFP-like" material, including 
various albumin degradation products, which may occur in patients with inflammatory disorders of the 

20 liver In contrast, the multisite M-RIA of the invention may fail to detect such cross-reactive proteins. 

With this assay it is possible to use serum AFP as a screening assay for HCC. Since with the M-RIA of 
the invention the number of AFP positive sera (above 20 or 100 ng/ml! in chronic BHsAg carriers and in 
HosAg positive acute and chronic hepatitis (with and without cirrhosis) was extremely low (99.9% of 
patients have AFP levels below 100 ng/ml), the M-RIA is useful as a screening test for the early diagnosis of 

25 hepatocellular carcinoma in high risk populations. 

Comparative example 1 

In addition to AF01 and AF03, another anti-AFP monoclonal antibody (AF04) was also obtained. It was 
thus possible, by varying the combinations and permutations in the assay, to compare the effectiveness of 
30 the claimed combination with other combinations. Table 2 shows the results. 

AnnJ! 16 demonstrate <l uf te c,ear| y that antibodies AF01 and AF03 on the solid phase and antibody 
AF01 in the soluble labelled phase are the combination that gives best binding characteristics (Experiments 
9 and 12). The soluble labelled antibody AF01 can be complemented by another soluble labelled antibody 
such as AF03 (Experiment 12). Of great interest is to note that the binary combination AF01/AF01 
Expenment 5) or AF03/AF03 (Experiment 8) gave no binding at all, and the combination AF01/AF03 
(Experiment 1 ) or AF03/AF01 (Experiment 6) gave good binding. The combination of AF03 with AF01 on the 
solid phase, however, unexpectedly provides exceptionally good binding (compare experiment 5 with 
experiment 9, or experiment 8 with experiment 12). In contrast, the combination of AF04 with AF01 on the 
solid phase provides no binding at all (compare experiment 15 with experiment 9). 

TABLE 2 
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Exp. 


Solid phase bound 


Labelled 




antibody(ies) 


antibody(ies) 


Results* 


1) 


AF01 


AF03 


++ 


2) 


AF01 


AF04 


++ 


3) 


AF01 


AF01+AF03 


+ 


4) 


AF01 


AF03+AF04 


+ 


5) 


AF01 


AF01 


0 


6) 


AF03 


AF01 


++ 


7) 


AF03 


AF01+AF03 


++ 


8) 


AF03 


AF03 


0 


9) 


AF01+AF03 


AF01 


+++ 


10) 


AF01+AF03 


AF03 


++ 


11) 


AF01+AF03 


AF04 


+ 


12) 


AF01+AF03 


AF01+AF03 


+++ 


13) 


AF01+AF03 


AF01+AF04 


++ 


14) 


AF01+AF03 


AF03+AF04 


++ 


15) 


AF01+AF04 


AF01 


0 


16) 


AF01+AF04 


AF04 


++ 


17) 


AF01+AF04 


AF01+AF03 


+ 


18) 


AF01+AF04 


AF01+AF04 


+ 
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Footnotes: 

*0 No binding at all 
+ Poor binding 
5 ++ Good binding 

+++ Very good binding 

Example 2 
Assay for HCG 

io Production and characterization of monoclonal antibodies 

Two monoclonal antibodies identified as and FB03, and directed against human chorionic 
gonadotropin (HCG) were selected after cell fusion experiments performed with spleen cells from mice 
injected with either beta subunit of HCG (HCG ( Boehringher, Mannheim) or a 37 amino acid synthetic 
polypeptide analogous to the carboxy terminus of HCG. The immunization procedures varied the route and 

is concentration of the antigen, and the interval between primary and secondary immunizations. Hybridoma 
supernatants were tested for anti HCG activity in a screening test using a polyethylene glycol (PEG) 
precipitation test with 125 I-HCG. Positive hybrids were cloned twice by limiting dilution, and ascites fluids 
were produced by i.p. inoculation of nude mice with 5x10 s hybridoma cells. Monoclonal antibodies were 
purified from mouse ascites fluids by 50% ammonium sulfate precipitation followed by dialysis against 

20 o.2M phosphate buffer pH 8 for 18 hours at 4°C prior to staph protein A affinity chromatography. 
Competitive inhibition studies established that each monoclonal antibody recognized a distinct and 
separate HCG determinant. Inhibition studies carried on with both the native HCG and the carboxy terminal 
synthetic peptide analogue demonstrated that D1E8 and FB03 were directed against epitopes located 
respectively on the 1—109 and the 109—145 amino acid sequence of HCG. 

Binding experiments 

In addition to D1E8 and FB03, another anti HCG monoclonal antibody identified as FB04 was also 
obtained. Binding experiments were carried out by coating on a solid phase support (polystyrene beads, 
outer diameter, 0.64 cm, Precision Plastic Ball, Chicago, Illinois) either each antibody alone or different 
30 mixtures of D1E8, FB03 and FB04. Then, 200 microl of 125 l labelled HCG (30,000 cpm) were incubated with 
the precoated antibody(ies) for 4 hours at 45°C. After washing and counting, the percentage of labelled HCG 
bound was calculated. Figure 6 illustrates the results. B is defined as cpm bound and T as total cpm added. 
These results demonstrate quite clearly that a mixture of D1E8 and FB03 binds HCG far better than D1 E8 or 
FB03 alone, i.e. a synergistic effect is obtained. 

35 

Development of multisite monoclonal immunoassay 

Systematic testing of different combinations of monoclonal anti HCG was performed with D1 E8, FB03 
or a mixture of D1E8 and FB03 either on the solid phase or as labelled antibody(ies). After coating of the 
antibody(ies) on the solid phase support, 200 microl of HCG containing serum (100 nanogram/millilitre) and 

40 100 microl of labelled antibody(ies) (130,000 cpm) were added. After a 4 hour incubation, washing and 
counting, the binding of the labelled antibody(ies) was determined. No binding was observed with D1 E8 on 
the solid phase support and as soluble labelled antibody. Likewise, no binding was observed with FB03 on 
the solid phase support and as soluble labelled antibody. In contrast, good binding was observed with a 
mixture of D1E8 and FB03 on the solid phase support and FB03 as soluble labelled antibody. This 

45 combination led to the development of a totally specific monoclonal radioimmunoassay for HCG. 



Claims for the Contracting States: BE, DE, FR, GB, NL, SE 

so 1. An imrnunometric assay for a multivalent antigen in a sample which comprises: 
forming a complex of said antigen together with 

(a) multiple immobilized monoclonal antibodies against different epitopes on said antigen; and with 

(b) a detectably labelled monoclonal soluble antibody which is one of said multiple immobilized 
antibodies; 

55 separating labelled antibody associated with said complex from soluble labelled antibody, and 

detecting either said labelled antibody associated with said complex, or unassociated labelled 
antibody: 

wherein any one of said multiple immobilized monoclonal antibodies shows, by itself, substantially 
less binding towards said antigen in said imrnunometric assay, when used with itself or another 
60 monoclonal antibody in soluble labelled form, than said multiple immobilized antibodies in combination. 

2. The assay of Claim 1 wherein said antigen is AFP. 

3. The assay of Claim 1 wherein said antigen is HCG. 

4. An imrnunometric assay according to Claim 2 wherein the complex is f rm d with 

(a) at least two imm biliz d monoclonal antibodies, the first of said antibodies having the identifying 
6$ charact ristics of an antibody btained fr m the c II line ATCC No HB 8717; and the s c nd of said 
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!2hSh* h8Vin9 Wenti1Vin9 Charact ristics of an antit «>dy opined from cell line ATCC No HB 8718; 
K Irnl^"!?- ***** ,abelled . solub| e ^tibody which is said first antibody. 

i W A'-f* T? ^ ete ? ab 'V ,abelled so'uWe antibody which is said first antibody. 
cnJL? ♦ r i f0r the . detection of a multivalent antigen in a sample comprising a carrier beino 
^SSX^SS^ "I"* T M *™ h 0ne 0r more "ntaTnS? wSeh be '" 9 
immSi!!^^^ aMib0d, * eS 8fla,nSt different «*■«"• « -tiaen, 

multiple^ ,abe " 8d m0n0Cton8, so,ub ' 8 a "« b ° d V which is one of said 

7. The lot of Claim 6 wherein said antigen is AFP or HCG. 

HB 87i™ !nd AtSSJb WM SjKl""*? e0 '£ lnar T^" 8 ant,b ° dieS derived from 6611 lines ATCC No 
ATCC No HB 8717. wherein said second container contains antibxdy derived from cell line 

Pasteur lnsU-297 " Sa ' d Se °° nd COnta,ner conta,ns antlboo V derived from cell line 

anting A whi S h°'^ le Smmuno, o? ica '/eagent support useful in an immunometric assay for a multivalent 
am do^ «"P*f» ^different In^JSiSSSS 

ATCC No HB 1 8718 V ant.bod.es are denved from cell line ATCC No HB 8717 and cell line 

antiaen^hir^ SUpport useful in 8n ^munometric assay for a multivalent 

In tn\^nTm^H^^JT lM L^ POn " m P risin 9 ^ different immobilized monoclona 
?Ssteur Insi ! ?S * * antlb0d,eS ™ derived ^ 0811 ,ine Pasteur ,nst ^ and cell line 

Claims for the Contracting States: AT. IT. LU 

fe™ n ii m T^°T triC « a8Sa J y f0r - a mu WW«« antigen in a sample which comprises: 
forming a complex of said antigen together with 

b! T U ^S?h^ m0n0C, ? na, . antlbod5es fl 9 ainst different e P ft 0Pes on said antigen; and with 
antibodies? V e " ed monoc,ona, «**■■ a "«body which is one of said multiple'lmSS 

dS^S£^,S^Jr^!!li mh Sa ' d Wmpiex from solub,e labelled antib0 «V. and 
antibodyf be " ed 8nt,b0dy associated with said complex, or unassorted labelled 

te^^l" a ." Y 0n ! ° ,Sa j d ""V^P' 8 ^mobilized monoclonal antibodies shows, by itself substantial 
3. The assay of Claim t wherein said antigen is HCG 

Z?S .«« U t!L 0metriQ as ^y accordin 9 to Claim 2 wherein the complex is formed with 
chara^^ 

Jn?^ 

(b) at least one detectably labelled soluble antibody which is said first antibody 
t\»*!?JIT 0 ™ ^ acc0f d in B to Claim 3 wherein the complex is formed with 
(a) at least two immobilized monoclonal antibodies, the first of said antibodies havino the irfpntifv,in„ 
characteristics of an antibody obtained from the cell line PaXuMna «97- and th^™w "2 
antibodies having the identifying characterise 

<b> at least one detectably labelled soluble antibody which is said first antibody 
6. A kit useful for the detection of a multivalent antigen in a sample comDrisino a carrier ho™ 
"ISESSS-* feCe ! Ve in ^^nfinememtherein.L or moTSaTnS? wffetn be, " g 
immffiize^ n said antigen. 

multSeYm™^ «ectabhy labelled monodona. solub. antibody which is on ofsaid 

65 7. The kit of Claim 6 wherein said antig n is AFP r HCG. 
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8. The kit f Claim 6 wh rein said first c ntainer contains antib dies derived from cell lines ATCC No 
HB 8717 and ATCC No HB 8718 and wherein said second c ntainer contains antibody derived from eel! lin 
ATCC No HB 8717. 

9. The kit of Claim 6 wherein said first c ntainer contains antibodies derived f r m cell lines Pasteur Inst. 
1-297 and Pasteur Inst. 1-298 and wherein said second container contains antibody derived from cell line 
Pasteur Inst. 1-297. 

10. An insoluble immunological reagent support useful in an immunometric assay for a multivalent 
antigen which comprises an insoluble support comprising at least two different immobilized monoclonal 
antibodies against said antigen. 

11. The reagent of Claim 10 wherein said antibodies are against AFP or HCG. 

12. The reagent of Claim 10 wherein said antibodies are derived from cell line ATCC No HB 8717 and 
cell line ATCC No HB 8718. 

13. The reagent of Claim 10 wherein said antibodies are derived from cell line Pasteur Inst. I-297 and 
cell line Pasteur Inst. 1-298. 

Patentanspruche fur die Vertragsstaaten: BE, DE, FR, GB, NL, SE 

1. Immunometrischer Test fflr ein mehrwerttges Antigen in einer Probe, umfassend: 
die Erzeugung eines Komplexes des Antigens zusammen mit 

(a) mehreren immobilisierten monoclone len Antikdrpern gegen verschiedene Epitope auf dem 
Antigen; und mit 

(b) einem nachweisbar markierten monoclonalen loslichen Antikdrper, welcher einer der genannten 
mehreren immobilisierten Antikorper ist; 

Abtrennung des mit dem Komplex assoziierten markierten Antikdrpers vom loslichen markierten 
Antikdrper, und 

Nachweis entweder des mit dem Komplex assoziierten markierten Antikdrpers oder des nicht- 
assoziierten markierten Antikdrpers; 

wobei jeder der mehreren immobilisierten monoclonalen Antikorper fur sich erheblich weniger 
Bindung an das Antigen im immunometrischen Test zeigt, wenn er mit sich oder einem anderen 
monoclonalen Antikdrper in loslicher markierter Form verwendet wird, als die mehreren immobillserten 
Antikorper in (Combination. 

2. Test nach Anspruch 1 t wobei das Antigen AFP ist. 

3. Test nach Anspruch 1, wobei das Antigen HCG ist 

4. Immunometrischer Test nach Anspruch 2, wobei der Komplex erzeugt wird mit 

(a) mindestens zwei immobilisierten monoclonalen Antikorpern, von denen der erste Antikorper die 
identifizierenden Merkmale eines aus der Zellinie ATCC Nr. HB 8717 erhaltenen Antikorpers aufweist und 
der zweite Antikorper die identifizierenden Merkmale eines aus der Zellinie ATCC Nr. HB 8718 erhaltenen 
Antikorpers aufweist; und mit 

(b) mindestens einem nachweisbar markierten loslichen Antikorper, welcher der genannte erste 
Antikorper ist 

5. Immunometrischer Test nach Anspruch 3, wobei der Komplex erzeugt wird mit 

(a) mindestens zwei immobilisierten monoclonalen Antikorpern, von denen der erste die 
Identifizierenden Merkmale eines aus der Zellinie Pasteur Inst. 1-297 erhaltenen Antikorpers aufweist und 
der zweite Antikdrper die identifizierenden Merkmale eines aus der Zellinie Pasteur Inst 1-298 erhaltenen 
Antikdrpers aufweist; und mit 

(b) mindestens einem nachweisbar markierten loslichen Antikdrper, welcher der genannte erste 
Antikdrper ist 

6. Besteck fur den Nachweis eines mehrwertigen Antigens in einer Probe, umfassend einen 
unterteilten Trager zur Aufnahme von einem oder mehreren Behaltern in enger Nach barsch aft, wobei 

(a) ein erster BehS Iter mehrere monoclonale Antikdrper gegen verschiedene Epitope auf dem Antigen, 
immobilisiert an einer unldslichen festen Phase, enthalt; 

(b) ein zweiter Behalter einen nachweisbar markierten monoclonalen loslichen Antikdrper enthalt, 
welcher einer der genannten mehreren immobilisierten Antikdrper ist. 

7. Besteck nach Anspruch 6, wobei das Antigen AFP oder HCG ist. 

8. Besteck nach Anspruch 6, wobei der erste Behilter von den Zellinien ATCC Nr. HB 8717 und ATCC 
Nr. HB 8718 abgelettete Antikdrper enth§lt und wobei der zweite Behalter einen von der Zellinie ATCC Nr. 
HB 8717 abgeleiteten Antikdrper enthalt 

9. Besteck nach Anspruch 6, wobei der erste Behalter von den Zellinien Pasteur Inst. 1-297 und Pasteur 
Inst. 1-298 abgeleitete Antikdrper enthalt und wobei der zweite Behalter einen von der Zellinie Pasteur Inst. 
J-297 abgeleiteten Antikdrper enthalt. 

10. Unldslicher immunologisch r Reagenztrager fOr einen immunometrischen Test fur ein 
mehrw rtiges Antigen, umfass nd inen unldslichen Trager/ d r zw i verschied ne imm bilisiert 
mon clonale Antikdrper gegen AFP umfa&t wob i die Antikorper von d r Zellinie ATCC Nr. HB 8717 und 
der Zelllinie ATCC Nr. HB 8718 abg I ttetsind. 

11. Unldslicher immunologischer Reagenztrager fur einen immunometrisch n T st fOr ein 
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mehrwertiges Antig n, umfassend einen unloslichen Trager, der zweie verschiedene immobilisierte 
monocpnal Antikorper gegen HCG umfaBt, w bei die Antikdrper von der Zellinie Pasteur Inst. I-297 und 
der Zellinie Pasteur Inst I-298 abgeleitet sind. 

Patentanspruch fur die Vertragsstaaten: AT, IT, LU 

1. Immunometrischer Test fur ein mehrwertiges Antigen in einer Probe, umfassend- 
die Erzeugung eines Komplexes des Antigens 2usammen mit 

AntigenTnSt" lmmobili8ierten mon °c'°nalen Antikdrpem gegen verschiedene Epitope auf dem 

m-illif^^ ,6SHChen ArtJk6rper ' W6,Cher 6iner der * 6na ™«» 

AntiSsJeT, US? ** K ° mplex assoznerten markierten Antikorpers vom Idslichen markierten 

assit£^^ K ° mpeX 8SS0Ziierten m8rkierten ° der *- 

Bindn^ 8 li e H er d A ei ;. menrere ? immobilisierten monodonalen Antikdrper fur sich erheblich weniger 
„3 a ? I?*!**"™ 'mmunometrischen Test zeigt wenn er mit sich oder einem anderen 

*S£^££S£ ,68,}cher markierter verwendet wird - 3,8 die mehreren «™**n*!S 

2. Test nach Anspruch 1, wobei das Antigen AFP ist. 

3. Test nach Anspruch 1, wobei das Antigen HCG ist 

4. Immunometrischer Test nach Anspruch 2. wobei der Komplex erzeugt wird mit 

uJ?l min(,e J ste " s 1 *«" «mmobilisierten monodonalen Antikdrpem, von denen der erste Antikdroer die 
£ 2lTS- M ^ !. e1 T 8US der Zel,inle ATCC Nr " HB 8™ erhaltenen Antikljers aS« und 
tSS!U!SS urfdt! ^ Merkma ' e eineS ^ 2e,Hnie ATCC Nr 8718 erhaltene " 
AntikdrpTHst 816 " 8 Binem n8Chweisbar markierten 'oslichen Antikdrper, welcher der genannte erste 

5. Immunometrischer Test nach Anspruch 3, wobei der Komplex erzeugt wird mit 
mJ^LZI* m S l™? irnmobilisferten rnonoclonalen Antikorpern, von denen der erste die 
SE^TS-^^/""? 8US d8r Zel,inle Pasteur ,nst , ' 297 «*■»•"•" Antikorpers aufweist und 
ZZZZSSg u d n a dmT fiZ ' erenden Merbn8,e eiTOS 8US d6r 2e,,inie PaSt6Ur W98 erhalte - 
AntikdrpTMst 816 " 5 ei " em nachweisbar markierten Antikdrper, welcher der genannte erste 

..„toLih!?T - fQf dB « ****** eines mehrwertigen Antigens in einer Probe, umfassend einen 
unterteilten Trager zur Aufnahme von einem oder mehreren Behiltern in enger Nachbarschaft, wobei 
i™ 8 - B . enalter ™ hrere monodonale Antikdrper gegen verschiedene Epitope auf dem Antigen, 
immobilisiert an einer unloslichen festen Phase, enthalt; a 

«.t£! e '" ZW !!' t6r Behalter ejn ! n nachweisbar markierten monodonalen Idslichen Antikdrper enthalt, 
welcher einer der genannten mehreren immobilisierten Antikdrper ist 
7. Besteck nach Anspruch 6, wobei das Antigen AFP oder HCG ist 
m «« C u na f h . Ans P rucn e ' der ers te Behfiher von den Zellinien ATCC Nr. HB 8717 und ATCC 
ud 2E, u ab ? elertBte Antikdrper enthalt und wobei der zweite BehSiter einen von der Zellinie ATCC Nr 
MB B7i7 abgelerteten Antikorper enthalt. 

• . ^5??* ? ach ^P™ 6 " 6 ' wob 6 ' der ers »e BehSlter von den Zellinien Pasteur Inst 1-297 und Pasteur 
nst. 1-298 abgeleitete Antikorper enthilt und wobei der zweite BehSlter einen von der Zellinie Pasteur Inst 
1-297 abgelerteten Antikdrper enthalt 

10. Unldslicher immunologischer Reagenztriger fOr einen immunometrischen Test fOr ein 
mehrwertiges Antigen, umfassend einen unloslichen Trager, der mindestens zwei verschiedene 
immobilisierte monodonale Antikdrper gegen das Antigen umfaBt 

11. Reagenz nach Anspruch 10, wobei die Antikorper gegen AFP oder HCG sind. 

™° era nach Anspruch 10 » w 008 ' die Antikdrper von der Zellinie ATCC Nr. HB 8717 und der 
Zellinie ATCC Nr. HB 8718 abgeleitet sind. 

13. Reagenz nach Anspruch 10, wobei die Antikdrper von der Zellinie Pasteur Inst I-297 und der Zellinie 
Pasteur Inst I-298 abgeleitet sind. 

Revendieatiohs pour les ftats Contractants: BE, DE, FR, GB. NU SE 

la ? r^L^"" m6tr ! qUe d ' U " antigen mult 'v a 'ent'dans un echantill n. qui compr nd: 
la f rmationd'un complex de cet antigene conjointem nt a F 

a) de multiples anticorpsmon donaux immobilise* dirigesc ntre differents epitop ssurcetantigene 
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b)un antic rps soluble m n clonal ma rque de facon detectabl # qui est I'un de ces multiples anticorps 
immobilisees: 

la separation de I'antic rps marque associe a ce complexe de I'anticorps marqu6 solubl , et 
la detections it decet antic rps marqu6 associe au c mp!exe,soitde I'antic rpsmarqu6n n associe: 
5 dans lequel Tun quelconque de ces multiples anticorps monoclonaux immobilises montre, a lui seul, 
une liaison sensiblement moindre vers cet antigene dans le dosage immunometrique precite, lorsqu'il est 
utilise en tant que tel ou avec un autre anticorps monoclonal sous une forme marquee soluble, que ces 
multiples anticorps immobilises en combinaison. 

2. Dosage suivant la revendication 1, caracterise en ce que I'antigene est I'AFP. 
w 3. Dosage suivant la revendication 1, caracterise en ce que I'antigene est I'HCG. 

4. Dosage immunometrique suivant la revendication 2, caract6rise en ce que le complexe est forme 
avec 

(a) au moins deux anticorps monoclonaux immobilises, le premier de ces anticorps ayant les 
caracteristiques ^identification d'un anticorps obtenu de la lignee cellulaire ATCC n° HB 8717, et le second 

is de ces anticorps ayant les caracterstiques d'identification d'un anticorps obtenu de la liqnee cellulaire 
ATCC n° HB 8718, et avec 

(b) au moins un anticorps soluble marque de facon detectable, qui est le premier anticorps pr6cit6. 

5. Dosage immunometrique suivant la revendication 3, caracterise en ce que le complexe est forme 
avec 

20 (a) au moins deux anticorps monoclonaux immobilises, le premier de ces anticorps ayant les 
caracteristiques d'identification d'un anticorps obtenu de la lignee cellulaire inst Pasteur 1-297, et le second 
de ces anticorps ayant les caracteristiques d'identification, d'un anticorps obtenu de la lignee cellulaire Inst. 
Pasteur 1-298, et avec 

(b) au moins un anticorps soluble marque de facon detectable, qui est le premier anticorps precite, 
25 6. Trousse utilisable pour la detection d'un antigene multivalent dans un echantillon comprenant un 
support compartimente pour y loger, dans un espace ressere, un ou plusieurs recipients, dans laquelle: 

(a) un premier recipient contient de multiples anticorps monoclonaux diriges contre differents epitopes 
sur cet antigene, immobilises sur une phase solide insoluble; 

(b) un second recipient contient un anticorps soluble monoclonal marqu6 de facon detectable, qui est 
30 I'un de ces multiples anticorps immobilises. 

7. Trousse suivant la revendication 6, caracterisee en ce que I'antigene precite est I'AFP ou I'HCG. 

8. Trousse suivant la revendication 6, caracterisee en ce que le premier recipient contient des anticorps 
provenant de lignees cell u la ires ATCC n° HB 8717 et ATCC n° HB 8718 et en ce que le second recipient 
contient un anticorps provenant d'une lignee cellulaire ATCC n° HB 8717. 

35 9. Trousse suivant la revendication 6, caracterisee en ce que le premier recipient contient des anticorps 
provenant de lignees cellulaires Inst Pasteur 1-297 et Inst. Pasteur 1298 et en ce que le second recipient 
contient un anticorps provenant d'une lignee cellulaire Inst. Pasteur 1-297. 

10. Support de reactif immunologique insoluble utilisable dans un dosage immunometrique d'un 
antigene multivalent, qui comprend un support insoluble comprenant deux anticorps monoclonaux 

40 immobilises differents dirig6s contre AFP, caracterise en ce que les anticorps proviennent d'une lignee 
cellulaire ATCC n d HB 8717 et d'une lignee cellulaire ATCC n° 8718. 

11. Support de reactif immunologique insoluble utilisable dans un dosage immunometrique d'un 
antigene multivalent, qui comprend un support insoluble comprenant deux anticorps monoclonaux 
immobilises differents diriges contre HCG, caracterise en ce que les anticorps proviennent d'une lignee 

45 cellulaire Inst. Pasteur I-297 et d'une lignee cellulaire Inst Pasteur I-298. 

Revendications pour les etats Contractants: AT, IT, LU 

1. Dosage immunometrique d'un antigene multivalent dans un echantillon, qui comprend: 
so la formation d'un complexe de cet antigene conjointement a 

a) de multiples anticorps monocionux immobilises diriges contre differents epitopes sur cet antigene, 

et a 

b) un anticorps soluble monoclonal marque de facon detectable, qui est I'un de ces multiples anticorps 
immobilises: 

55 la separation de I'anticorps marque associe a ce complexe de I'anticorps marque soluble, et 

la detection soit de cet anticorps marque associe au complexe, soit de I'anticorps marque non associe; 
dans lequel I'un quelconque de ces multiples anticorps monoclonaux immobilises montre, a lui seul, 
une liaison sensiblement moindre vers cet antigene dans le dosage immunometrique precite, lorsqu'il est 
utilise en tant que tel ou avec un autre anticorps monoclonal sous une forme marquee soluble, que ces 
so multiples anticorps immobilises en combinaison. 

2. Dosag suivant la rev ndication 1, caracterise en ce que I'antigene est I'AFP. 

3. Dosage suivant la revendication 1, caracterise en ce qu I'antigene est I'HCG. 

4. D sag immunometrique suivant la revendicati n 2, caracterise n ce que le complex st forme 
avec 

55 (a) au moins deux anticorps monoclonaux immobilises, le premier de ces anticorps ayant les 
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carartenstiques d'identificati n d'un antic rps obtenu de la lignee cellulaire ATCC n° HB 8717, et le second 
at/£ S VSS J7A ayant leS caractfris t i q«es d'id ntificatlon d'un anticorps obt nu de la ligne cellulaire 

AlULr n MB o/lo, et 3V C 

jty au moins un antic rps solubl marque de facon detectabl , qui stle premier nticorps pr- c it6 
s 5. D sage immunom&rique suivant la revendication 3. caractens6 en ce que le complexe est forme - 

3VBC 

(a) au moins deux anticorps monoclonaux immobilisfe, le premier de ces anticorps ayant les 
caractenstiques d identification d'un anticorps obtenu de la lignee cellulaire Inst. Pasteur 1-297, et le second 

to pSsteurT-Ss^t !S caTactMsti W f * ^identification d'un anticorps obtenu de la lignee cellulaire Inst 

(bl I au moins un anticorps soluble marque" de facon detectable, qui est le premier anticorps precite 
c,.„»;J r ° USSe "? hsab i e P° ur la Section d'un antigene multivalent dans un echantillon comprenant un 
support comparbmente pour y loger, dans un espace ressenl, un ou plusieurs recipients, dans laquelle- 
W un premier recipient contient de multiples anticorps monoclonaux diriges contre differents epitopes 
sur cet antigene, immobilises sur une phase solide insoluble; 

(b) un second recipient contient un anticorps soluble monoclonal marque de facon detectable, qui est 
I un de ces multiples anticorps immobilises. ,M ^ 

7. Trousse suivant la revendication 6. caracterisee en ce que I'antigene precite est I'AFP ou I'HCG 

nro«!' n lTrf! e ii SU 1 ant ' a „T? ndil i a i.!Si 6 ' en ce que le premier recipient contient des anticorps 

provenant de I gnees celkHa.res ATCC n» HB 8717 et ATCC n« HB 8718 et en ce que le second recSerrt 
contient un anticorps provenant d'une lignee cellulaire ATCC n° HB 8717. recipient 
B rJ;„lT^ e i S SUi r nt ,a „ re r? ndi f tion 6. caracterlsee en ce que le premier recipient contient des anticorps 
provenant de I gnees cellulaires Inst Pasteur 1-297 et Inst Pasteur 1-298 et en ce que le second recipient 
content un anticorps provenant d'une lignde cellulaire Inst. Pasteur 1-297. 

a „ti 1 f' SUPP f^ r6aCt ? immur ">'ogique insoluble utilisable dans un dosage immunometrique d'un 

m^nH^r — len u t : i . q " , J S mprend un support in80lub| 8 comprenant au moins deux anticorps 
monoclonaux immobilises differents diriges contre cet antigene. -""turps 

de I'AFP R S de mS? " reVendication 10 ' en « <V* '<* anticorps precites sont diriges contre 

liani^SL^Tr? '! uo^^l 1 ) 10 ' ™ nct *' is * en ~ que les anticorps pricites proviennent d'une 
lignee cellulaire ATCC n° HB 8717 et d'une lignee cellulaire ATCC n e HB 871B. 

ii„ J- m., m t nm i ,a revendicati °n 10, caracterise en ce que les anticorps precites proviennent d'une 
lignfe cellulaire Inst. Pasteur 1-297 et d'une lignee cellulaire Inst Pasteur 1-298. 
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